(1)). The standard includes two compliance paths (ASHRAE 2013).
 The prescriptive path establishes criteria for energy-related characteristics of individual building components such as minimum R-values of insulation, maximum lighting power allowance, occupancy sensor requirements for lighting control, and economizer requirements for HVAC systems.
 The performance path, known as the Energy Cost Budget (ECB) method, provides additional flexibility by allowing a designer to trade-off compliance by not meeting some prescriptive requirements if the impact on energy cost can be offset by exceeding other prescriptive requirements, as demonstrated through energy simulation modeling.
In addition to the ECB method, Standard 90.1 includes a second simulation-based performance approach, Appendix G, the Performance Rating Method. While similar to ECB, Appendix G is more flexible, but through publication of the 2013 edition of the standard, has not been an approved path for demonstrating compliance. Instead, it has been used to rate the performance of buildings that exceed the requirements of Standard 90.1 for beyond code 1 programs including United States Green Building Council's (USGBC) Leadership in Energy and Environmental Design (LEED) Rating System, ASHRAE's Green Building Standard 189.1, and the International Green Construction Code (IgCC) (USGBC 2014; ASHRAE 2014; ICC 2015) .
A recent modification (Addendum bm) to Standard 90.1-2013 makes two significant changes for the 2016 edition, to be published in October of 2016 (Rosenberg 2013; ASHRAE 2015) . First, it allows Appendix G to be used as a third path for compliance with the standard in addition to rating beyond code building performance. This prevents modelers from having to develop separate building models for code compliance and beyond code programs. Using this new version of Appendix G to show compliance with the 2016 edition of the standard, the proposed building design needs to have a performance cost index (PCI) less than targets shown in a new table based on building type and climate zone. The second change is the baseline design is now fixed at a stable level of performance set approximately equal to the requirements in the 2004 standard. Rather than changing the stringency of the baseline with each subsequent edition of the standard, compliance with new editions will simply require a reduced PCI (a PCI of zero is a net-zero building). Using this approach, buildings of any era can be rated using the same method. The intent is that any building energy code or beyond code program can use this methodology and merely set the appropriate PCI target for their needs. This report discusses the process used to set performance criteria for compliance with ASHRAE Standard 90.1-2016 and suggests a method for demonstrating compliance with other codes and beyond code programs.
Setting Performance Cost Index Targets
Using the Appendix G performance path baseline that is stable at the level of the 2004 edition of Standard 90.1 means that compliance with a newer edition of the standard can no longer be determined by simply designing a building with a lower predicted energy cost than a prescriptive baseline meeting that standard. Instead, to demonstrate compliance, the design would need to demonstrate a PCI below a target PCI (PCI t ). In other words the proposed design would need to exceed the performance (have a lower energy cost) compared to a stable (90.1-2004) baseline, by some amount. That amount is indicated by the PCI t . Buildings qualifying for beyond code programs would need to exceed the compliance threshold for the appropriate edition of the code to whatever degree is prescribed by that program. This section discusses the method used to set the performance target compared to the baseline for Appendix G with Addendum bm.
Appendix G Performance Metric
The new metric to rate building performance used by Appendix G is called the Performance Cost Index (PCI). The PCI of a proposed building design is calculated as follows: 
Use of Prototype Buildings
To determine the savings impact from various editions of Standard 90.1, Pacific Northwest National Laboratory (PNNL) developed prototype commercial building models using the EnergyPlus building simulation program (DOE 2013) . These prototypes and the procedure for quantifying the progress of Standard 90.1 have previously been described in detail (Thornton et al. 2011 , Goel et al. 2014 . As described in these reports, PNNL developed a suite of 16 prototype buildings covering the majority of the commercial building stock and mid-rise to high-rise residential buildings that are listed in 2004, 2007, 2010, and 2013 editions. This combination of prototypes, climate locations, and standard editions results in 1,088 individual building models which are available for download (BECP 2012) . Energy and energy cost details for each of the 1,088 models are also available online (PNNL 2014). PNNL's process of using prototypes to quantify the improvement of Standard 90.1 compared to previous editions is referred to as the Progress Indicator. Using the energy cost data for each of these models it is possible to develop PCI targets for each edition of Standard 90.1 compared to the 2004 baseline for each building type and climate zone. When creating the targets, related prototype buildings were combined resulting in 8 building types, as shown in Table 2 .1, and the savings for the related prototype buildings were averaged to develop the building type savings. loads that are unregulated by the standard are kept the same between the proposed and baseline building models, so the PCI target can be adjusted, keeping the stringency the same between buildings with different amounts of unregulated load. When using Appendix G for quantifying building performance for beyond code programs that allow credit for improvements in unregulated loads, a different approach is taken that is described in the next section. The following equation is used to develop the PCI targets when using Appendix G for compliance:
where: Developing BPFs for Standard 90.1-2016 posed a challenge for SSPC 90.1. The challenge was the BPFs needed to be developed in parallel with other changes to the standard, making it impossible to know what the final Progress Indicator savings for the 2016 edition will be. Based on the addenda to the standard already approved and a knowledge of addenda that could potentially be approved, the SSPC decided on an estimated reduction of 5% of the 2004 regulated energy cost beyond that achieved in 2013 for the 2016 BPFs. Table 2 .4 includes a reduction of 0.05 from the 2013 BPFs. Step 2. Determine Building Performance Factor from Table 2 .3:
Since the project is a mixed use building, the BPF is the area-weighted average of the appropriate building type BPFs for climate zone 5A from Table 2 .3. = 40,000 2 * 0.81 + 10,000 2 * 0.60 50,000 2 = 0.77
Step 3. Determine Performance Cost Index Target from Equation 2: 
Performance Cost Index Targets for Beyond Code Programs Referencing Various Editions of Standard 90.1
The process for developing PCI targets for beyond code programs that allow credit for improvements that are not regulated by Standard 90.1, such as cooking equipment, computer equipment, and commercial and industrial processes is more straight forward than developing similar targets for code compliance.
The biggest difference is that it is not necessary to normalize for the unregulated loads in a particular building. Most of these programs in fact encourage or incent reductions in these unregulated loads as well. The PCI target for these programs could simply be set to the ratio of the energy cost of any edition of a code or standard to the energy cost of the Standard 90. 
Customizing Performance Targets
The intent of the new stable baseline for Appendix G is that it can be used for any code or beyond code program, even those not based on an edition of Standard 90.1. The key is that if the baseline remains consistent with that described in Appendix G, a user can use the same baseline model for multiple purposes and take advantage of software tools that automate the process of creating the baseline model. This requires creation of custom PCI targets using the methodology described in this report. By modifying the PNNL prototype building models to be consistent with an alternative code or beyond code performance threshold, the numerator in equations 3 or 4 can be changed to produce the new PCI t s.
One alternative which may be appropriate, especially for beyond code programs, is to reduce the number PCI t s. Instead of having a specific PCI t for each building type and climate zone, the average improvement across all 16 climate locations can be used to create a consolidated PCI t , shown as the building type average in the tables above. Step 1. Determine Performance Cost Index from Equation 1:
The Performance Cost Index is the same as was determined in Example 1. = $32,000/ $49,000/ = 0.65
Step 2. Determine the Performance Cost Index Target from Table 2 .6:
Since the project is a mixed use building, the PCI t is the area-weighted average of the appropriate PCI t s for the building types and climate zone 5A from Table 2 .6.
Performance Cost Index Target ( ) = 40,000 2 * 0.86 + 10,000 2 * 0.64 50,000 2 = 0.82
Step 2 Answer: The proposed design is 21% better than 90.1-2013
